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| In a steam reforming process, one reacts steam and a carbon-

containing feedstock in the presence of a reforming catalyst. Steam reforming

requires an elevated operating temperature, e.g., between 250 degrees centigrade and

900 degrees centigrade, and produces primarily hydrogen and carbon dioxide, with

20 lesser quantities of carbon monoxide also being formed. Trace quantities of unreacted
reactants and trace quartities of byproducts also can result from steam reforming,
Examples of suitable carbon-containing feedstocks include, but are not limited to,
alcohols (such as methanol or ethanol) and hydrocarbon fuels (such as methane,
propane, gasoline, diesel or kerosene).

25 Nearly all hydrocarbon fuels contain organic sulfur compounds in
varying concentrations, typically in the range of approximately 3 ppm to
approximately 300 ppm. These sulfur compounds will poison conventional steam
reforming (and autothermal reforming) catalysts and, therefore, must be removed
from the hydrocarbon fuel prior to delivery to the reforming catalyst.

30 Typically, the concentration of sulfur compounds is reduced by passing
the hydrocarbon feedstock through a bed that contains an absorbent material adapted
to reduce the concentration of these sulfur compounds from the feedstock. Some

known absorbent materials are based on zinc oxide. These materials are not
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the concentration of, sulfur-compounds from the carbon-containing feedstock.

Many features of the present invention will become manifest to those
versed in the art upon making reference to the detailed description which follows and the
accompanying sheets of drawings in which preferred embodiments incorporating the

20  principles of this invention are disclosed as illustrative examples only.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a fuel processing system according to
the present invention.
Fig. 2 is a schematic diagram of another embodiment of the fuel
25  processing system of Fig. 1.
Fig. 3 is a schematic diagram of another embodiment of the fuel
processing system of Fig. 1.
Fig. 4 is a schematic diagram of a sulfur-removal assembly according
to the present invention.
30 Fig. 5 is a schematic diagram of the assembly of Fig. 4 including a
heating assembly.
Fig. 6 is a schematic diagram of the assembly of Fig. 4 including a

heating assembly.



the present invention. Fig. 2 is a schematic di agram of another enbodi nent
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invention. 30 Fig. 5 is a schematic diagramof the assenbly of Fig. 4
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steamreformer t e used 10 with the sul fur-renoval device of the
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the steam reforner
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10  with the sulfur-removal device of the present invention.
Fig. 12 is a schematic diagram of another embodiment of the steam
reformer of Fig. 11.
Fig. 13 is a schematic diagram of an illustrative fuel cell stack.
Fig. 14 is a schematic diagram of a sulfur-removal assembly according
15  to the present invention.
Fig. 15 is a schematic diagram of a sulfur-removal assembly according
to the present invention. |
Fig. 16 is a schematic diagram of a sulfur-removal assembly according
to the present invention.
20 Fig. 17 is a schematic diagram of a sulfur-removal assembly according
to the present invention.
| Fig. 18 is a schematic diagram of a sulfur-removal assembly according
to the present invention.

Detailed Description and Best Mode of the Invention

25 A fuel processing system according to the present invention is shown

in Fig. 1 and generally indicated at 10. System 10 includes at least one fuel processor

20 adapted to produce a product hydrogen stream 22 from a feed stream 24. Feed

stream 24 includes a carbon-containing feedstock 28, such as at least one hydrocarbon

or alcohol. Examples of suitable hydrocarbons include methane, propane, natural gas,

30  diesel, kerosene, gasoline and the like. Examples of suitable alcohols include
methanol, ethanol, and polyols such as ethylene glycol and propylene glycol.

’ Tn some embodiments, feed stream 24 further includes water 26, which

may be delivered to the fuel processor independent of the carbon-containing feedstock
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Fig. 15 is a schematic diagramof a sul fur-renoval assenbly according to
the present invention. Fig. 16 is a schematic diagram of a sul fur-renoval
assenbl y vvoopsderg to the present invention. 20 Fig. 17 peT/asesichessatic

di agram of a sul fur-renoval assenbly according to the present invention.
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15 produce hydrogen gas from carbon-containing feedstock 28 and water 26. Another
suitable mechanism for producing hydrogen gas is catalytic partial oxidation of an
alcohol or hydrocarbon. Typically, the hydrogen-producing region will include at
least one catalyst bed 32, such as a reforming catalyst bed or partial oxidation catalyst
bed. In the context of a steam reformer, hydrogen-producing region 30 may be

20 referred to as a reforming region 30 and catalyst bed 32 may be referred to as a
reforming catalyst bed or a steam reforming catalyst bed. Similarly, in the context of
an autothermal reformer, hydrogen-producing region 30 may be referred to as an
autothermal reforming region 30 and catalyst bed 32 may be referred to as an
autothermal reforming catalyst bed.

25 System 10 may, but does not necessarily, include at least one fuel cell
stack 34. Each fuel cell stack 34 includes at least one, and typically includes multiple,
fuel cells 36 adapted to produce an electric current from hydrogen gas, such as stream
22 from fuel processor 20. Examples of suitable fuel cells include proton exchange
membrane (PEM) fuel cells and alkaline fuel cells. Some or all of stream 22 may

30  additionally, or alternatively, be delivered, via a suitable conéluit, for use in another
hydrogen-consuming process, burned for fuel/heat, or stored for later use. Examples

of suitable storage mechanisms include pressurized tanks and hydride beds.
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from device 146. Also shown in Fig. 2 is an air delivery assembly 148, which is
adapted to deliver an air stream 152 to fuel cell stack 34, such as to cathode region
132. Air delivery assembly 148 is schematically illustrated in Fig. 13 and may take
20  any suitable form. It is within the scope of the present invention that air delivery
assembly 148 may be a single device, or separate devices. Similarly, air delivery
assembly 148 may also provide an air stream to fuel processor 20, or fuel processor
20 may include its own air delivery system.
System 10 further includes a sulfur-removal assembly 40 that is
25  adapted to remove sulfur compounds from carbon-containing feedstock 28 to produce
a feedstock 28’ that has a reduced concentration of sulfur compounds. In
embodiments in which the feed stream includes water and carbon-containing
feedstock, it should be understood that assembly 40 may be used to remove these
compounds from the stream containing carbon-containing feedstock before or after
30 mixing with water 26. For example, dashed lines are used in Fig. 1 to indicate
graphically a single stream that contains carbon-containing feedstock 28 and water 26,

and illustrative mixing points for separate streams containing water 26 and carbon-
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concentration of sulfur compounds. Preferably, material 46 does not catalyze

methane or coke formation at the operating conditions in assembly 40.
As used herein, the term “bed” is meant to broadly include not only
20  packed columns or tubes through which the carbon-containing feedstock is passed,
but also other relatively high surface area, relatively low pressure drop structures or
regions of other structures in which sulfur-absorbent material 46 is positioned or
otherwise supported for contact with the carbon-containing feedstock 28. Examples
of other beds within the scope of the invention include filters impregnated with or
25  otherwise containing material 46, and porous supports upon which material 46 is
supported. Examples of these supports include porous materials such as ceramic
materials, mesh or other woven fabrics or screens, and corrugated materials.
Similarly, while assembly 40 is schematically illustrated with at least
one bed 44 contained therewithin, this schematic representation should not be
30  construed as requiring or excluding a housing external the bed(s). Therefore, it is
within the scope of the invention that the bed may include a jacket or shell that
surrounds and 1s spaced-apart from the housing of the bed, and that the bed may be

formed without such a jacket.
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nat eri al 146 other Siappiats adch Ex 8PP/ slunfing. h&kersexapwiessof] HES watalysts way be

Sareens, andigspubat AT AU AT SRR S SSNER Y o o

schemati cal | y, i} UstdeatGe Wik BEud8Asdse illustrative ranges of copper oxide and 20-

60% zinc oxide, 20-50% zinc oxide or 30-60% zinc oxide. Other LTS catalysts

contain chromium. The LTS catalysts may also include other sulfur-absorbing

20 materials, inerts and/or support materials. An example of a suitable LTS catalyst is

made by ICI Chemicals & Polymers, Ltd. of Billingham, England and sold under the

trade name 52-1. This LTS catalyst contains approximately 30% copper (II) oxide,

approximately 45% zinc oxide and approximately 13% alumina. Another example of

a suitable LTS catalyst is G66B made and sold by Sitid-Chemie, Inc., Louisville, KY.

25  Other suitable LTS catalysts include K3-100, which is made and sold by BASF
Corporation.

Tt should be understood that other LTS catalysts may be used, so long
as they meet the criteria set forth below. A suitable LTS catalyst should be effective
at removing sulfur compounds from carbon-containing feedstock 28 at operating

30  temperatures less than approximately 350° C, capable of catalyzing the conversion of
carbon monoxide and water to yield hydrogen and carbon dioxide at temperatures less
than approximately 350° C and should be generally poisoned by sulfur concentrations
of approximately 1-10 ppm at temperatures less than approximately 350° C.

7



one bed 44 contained therewthin, this schematic representation should not
be 30 construed as requiring or excluding a housing external the bed(s).
Ther ef orayo02/49128 Wi t hi n t he scope of the invention that tpherT/bsa/sms i ncl ude
a jacket or shell that surrounds and is spaced-apart fromthe housi ng of
the bed, and that the bed may be fornmed w thout such a jacket. 6 WO

02/ 49128 PCT/ USOL/ 51114@rmlchﬁ&maéb%¢6%ta§,@ﬁgafmdét@m1? pessap duprEnsulfat er i al

46 is a | OV\c’lbs&%?BeBQﬁ e cﬁﬁ'ﬂ ntlné"Lgl%% cGRl y}?eﬁlBtSLTe%Ekfegﬁé)?Ai Y3t e?a{tgd rgadi Iy

poi soned by sultur her ore are removi ng
t hese COrrpCthﬂSrafur@mangfnlgOIﬁonﬁ:O:li}ipa(b)ﬁmagal)f' eRarst ackapplbiﬁlarayahw@ an® al so
nore reactive thgy Zi nc OXIde and 5 therefore are nore effective than zinc

oxi de at re%ﬁ?r%b senergipd cﬁnﬁodﬁagerﬁﬁu&n rapgRE o FOBb PRI HIMgtehe P8t G c k%

Furt her no 1 c)é%ﬁa D s@lkat e iP rat| ng
conditions asserr%)a 40. ﬁ?@aﬂhta yst rg 6|caﬁyﬁ£gongo§itloﬁsm§
copper and memt) @act mth thaLdlS edthlyst pellem uodey thesremsomlmbns hapgfesm stabdeli t abl e

shape for us n absorhent hed .is ellets. S catalyst that is
ext ruded i ROLIES @LSPPRR 20l 2 ook QM@”& praducipg acalfe&rryﬁaa i

granul ar, gfas Be¥HRIGucdOmMBulfhy Rrfc@htrationl Teh E@&aﬁk@é}ét& u%QtLaf'Sﬁéa@ﬂyst GORRET a”d
zinc will include approxi mately 10-90% copper () and/or copper (lI1) oxide

and appr oxinethed goppeOn@0ste precespodially. active deretie Hemeition df@a{hoa r(cozkeD diwin shal |
mean copper, §]%§ nd/ or copper (lI1) oxide. The LTS catalysts may further
I ncl ude 15 ‘erials, such as 0-50% al um na. O her exanples of LTS

catal ysts nay be desp&éfeb&dy@sse@ﬁmyaom&m&%ﬁ@%m@ﬁm&oﬁﬁlﬂ&aﬁa@vm%
copper oxide, or 20-40% copper oxide. Sti 1 others include these

i | lustrat | \Pe @%W@e@s@ﬁlbbfoﬂbeerxtmﬁn@ln@pmmllmefk il isosdicaid, thatpa S©9ting nc
oxi de or Qﬁﬁlé'd&‘ﬁv %%tt AheT H freﬁl%% X?S%Elbldp éﬁh@ss DF QL. tf[ e LTS

cat al ysts may 0 |nc ? het ur-absor al's,” I'ner
and/ or suppeatingradsembh/ i8 .intAgraceddnipl the elilfig-1ztholalldseerhBI$ of 3parkd atval $ronmade by

! c Chelr?' Catlhg s%ﬁlggleglg%lsasselﬁgbqy 31(1?(]; a(?altpltédl tggdg?ﬂr/ner aElqgethlnfgljulg gtdreasrr? ltlgereutg d%z)r the
example, a furnace or combustion region separate from the sulfur-removal assembly
may be used to heat the sulfur-removal assembly (or at least the bed or beds therein).
Alternatively, or additionally, the bed may be heated by delivering a hot exhaust
stream to the sulfur-removal assembly.

20 In Fig. 5, an example of a suitable heating assembly 50 is shown in the
form of an electric heater 52 that heats beds 44. Heater 52 may take any suitable
configuration and is powered by electric current 54, such as from an external source
or from fuel cell stack 34. Another illustrative example of a suitable heating assembly
50 is shown in Fig. 6 in the form of a combustion chamber 56 that combusts a fuel

25  stream 58 to produce a heated combustion gas stream 60 that may be used to heat the
bed or beds within sulfur-removal assembly 40. Combustion chamber 56 may include
a burner, combustion catalyst, spark or glow plug, or other suitable ignition source.
Fuel stream 58 may be any suitable combustible stream, such as a fuel stream from an
external source, a portion of hydrogen gas stream 22, a combustible byproduct stream

30  from fuel processor 20, or combinations thereof.

Heating assembly 50 may also take the form of one or more heated
streams that heat the sulfur-removal assembly, or its bed(s), via heat exchange.

Nlustrative examples of heater assemblies that include heat exchange streams are
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trade nane 52-1. This LTS catal yst contains approxi mately 30% copper (I1)
oxi de, approximately 45% zi nc oxi de and approxi mately 13% al um na. Anot her
exanpl e oo oz4mes t abl e LTS catal yst is G66B made and sol drOyUSIE1Gsen e,
Inc., Louisville, KY. 25 Oher suitable LTS catal ysts include K3-100, which
I's made and sold by BASF Corporation. It should be understood that other
LTS cat al ystewidy Figs. dsed 8. db Hipng heaiexehamge seam OAselyqrs abiegied dpid e t h

bel ow. A sui.t I f ' -l Vj | fnur
conpounds ﬁ?o%%?%%agg%sﬁ%ﬁ ﬁg%gégﬁgc@ ]Ifg%téftw@ge?&éltdi iﬁgﬁfﬁ&?%ﬁ e4froat ures
| ess than aftpramsi G6edndl 30 BoP féem £ apabheouofluiddbap, oz iattgmbtieel ¢ aeamn si0anap f
carbon nonoxi de and water to yield hydrogen and carbon dj oxi de at

t enper at ugékeluvgséle Hrgreoaprad it S a3k eTsig %elﬁfét&ﬂtlen I Y& et Rgs or
. t -
P oper at ur coytsal T FERSCBIAS bt bont Bod SO AREE ot i BB 70 ueveh 1 45 1

practice, twkicharlxatedcthuit] steamgnie pasttodicat thegamsls eAls shovamdgredsdd fngtudes
absorbent bed 44 contajhin TS, catal yst .| ets. e_bed ig operated at a
tenper at ur PIPEhGEGET %ﬂggb%llwﬂl %h@até%%leue% SHRER & flave PlspBewi 7
preferably mpeg @ Ergo%{ricg?al ?d?émﬁjlftfﬁﬁl}k&ﬁ?gfcﬁ@ghgﬁatf &aiﬁtgi‘bﬁﬁﬁ”tﬁ’é( O0RE B sfredR0r to 5

approxi mately 400C. anic su npounds ( hydrogen sulfide if it is
present) rgzmtweani thh passegdsT Exeriphdsyaftsupiaile bea enclthage flhalsandodelibtf amgiot o f orm

stabl e _sulfides, of. copper..and.zin t.here ret ai.ni ng..t he sulfur and
ot oduci Wy aBREiERARe: Riepeie Rurlaany s EhRered dieant Al on. “An
advant age of using LTSe#mlcalsyenibly Sothay addiﬁbh&l?f, of QRE@RtIY, HdallGedy £4
especially active for the formation of carbon (coke) from 10 hydrocarbons.

Pr ef er abl y, Ingseashythy hantingibe garben-containing feedsteelerdP debrerahitedetronARy 0h, a
heati ng ass | v.-50 [ i i ORI eating
assenbl y de@%@%&éﬁ}%? gﬁcgﬁ?{g@ﬁ}uﬁﬁ%& gl ﬁ%t\?/ﬁ &l g%g%lg%ﬁ I{‘/ﬁy Eg{éé%?&;géat O?Q

whet her t hefeedaki 28 aRgeind Yeérs graphRglatidastiatddoid Beg. 4y lid whidhe atheating

asserrblf/ or spaced away from 15 the sul fur-renoval assenbly and adapted to
del i verB5a msggmallypOas sfhematicallyiHustetes heptipg feedstock 28.

Beds 44 have to be periodically replaced or recharged to retain the

sulfur-absorbing properties of the sulfur-absorbent materials 46 contained therein.
Typically, a bed will be used to purify hydrocarbon fuels until the bed is at least 80%
and less than approximately 98% of its capacity of absorbed sulfur. It should be |
20  understood that the bed may be replaced or recharged when at a different percent of
its capacity. When the bed reaches a determined capacity, or capacity range, the bed
is taken off-line for replacement or recharging.
When a single bed 44 is used, it is preferable (but not required) that
fuel processing system 10 includes a suitable controller 80 for determining when the
25  desired percentage of capacity has been reached and triggering a user-notifying event
in response thereto. An illustrative example of a suitable controller 80 is shown in
Fig. 9 and includes a sensor 82 adapted to measure the percentage of the bed’s
capacity of absorbed sulfur at which the bed is operating. This measurement may be
made directly or indirectly with any suitable sensing device. For example, the sensor
30 may be adapted to measure the sulfur content in the beds directly. When the sulfur
content of feedstock 28 is known, sensor 82 may take the form of a timer or
flowmeter adapted to measure the sulfur content indirectly by respectively measuring
the operating time during which the bed has been used or the volume of feedstock that
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exanple, a furnace or conbustion region separate fromthe sul fur-renoval
assenbly nmay be used to heat the sulfur-renpoval assenbly (or at |east the
bed or bawaordmeein). Alternatively, or additionally, theCbhedomay4sbe
heated by delivering a hot exhaust streamto the sulfur-renoval assenbly.
20 In Fig. 5, .an exanmple of a suitable heating assenbly 50 is shown in the

form of an haseeninasseddhequghabe thef. neert RuBews of 4llusiedioa, numeipgy spirde any
suitable ¢ Iy ' i I I:C weLr 4 s from
an external S%g%)dﬁg g%@f)%sgﬁfl ?%?‘hsﬁnfpeq%ﬁ\é@% ﬁgg%)gecﬁ% S%ﬁ&h,&lﬁl g?%é 'e? %Iﬁ{i Ilﬁ's fS g g%bl(f%.l/ ég

exanpl e of cnsuirtiedit evikte @bntngllcasdenal yomdinicatich dinkis 88, Mitgch taynbd gy f or m
of a conbusti.on1 chanmher 56 that conbusts fuel 25 stream 58 tQ produce a
heat ed conb&ehlen Wakd oF r Bdislese Mgshaniy GaRII0E OREM Ot HWo-dusgtignel peds
Wi thin sul Wiﬁmgh assenbly 40. Conbustion chanber 56 may include a
burner, conbustion catal yst, spark or glow plug, or other suitable ignition
source. Fuel streamB&possivbeoathe sudasabt ecapanipyiskevdll eompaednto sstarhdas a

fuel streamfr n ternal, source, a portion of hydrogen gas stream 22,
Conbust | BPESBPIObaR: SoTRUR aH Py F SR FPRuSarcans A6PIERILL | ons
thereof . Heg hAGCIASEEIR 1Y 18Rs BBYm@Y l%@ A @KBitdd1€ wiRHM:OlirQ88 REchIRES fReat ed

streans that ’heat the sul fur-renmoval asSenbly, or its bed(s), via heat
exchange. duabling pue-i aretwencdingsitionalofonirowniestions s Biishi the mdasured develide ldseat

exchangg, sttea re 149128 PCT/ US01/51148, shown,in Figs. 7 and 8.
T F ot SRR el SR e o R R RSP EART (el Spsp o

sul f ur - r emvateri ASSHEIMHYNs ¥u fHitian derf A R@nu it ARSTEMSS _c%;ﬂﬁitin' W kknf the MaaAsseaD! ¥

40. Streans 66 and 70 may forma continuous fluid | oop, or alternatively,
stream 70 nigyel reaches eF exepsds the Gresbelddevrldiherroniphen astugiefonmsar mobifying
destination I, S St O O Leposal <. | n, Fi 0. | fur - nt bed
44 incl udesdeg’%g gcé)ir’ @1?%} Aes %)Igg'g%geag@?gv.sh %lo(?;ééf e vﬁ?é l%t?%de%%bé{fg’ #qnw 3‘812? (?eam
may pass tombeaichidee deshoryAporsioa\8y, obeidledst ondahentlay depicy) thht Rasiapigeso 72

t hrough which a heated fluid stream 74 flows. Al so shown in Fig. 8 is an
opt i onal® di$eeiahisastone arsiodt Yalve farghg atdeast pnaye-absebent §ed i n st ream 74

between the passages.pByig, eteOthr&ibiRivel e k10646 NARE S b.'xﬂ%nﬁ&ﬁ:ité‘de,

but are not
response 1s not required by the user before the sulfur-absorbent material has too little

remaining capacity to effectively remove sulfur compounds from feedstock 28. More

specifically, it is preferable that the controller actuates the user-notifying device prior
20  to the sulfur-absorbent material reaching its capacity for effective removal of sulfur

compounds from feedstock 28. For example, the controller may actuate user-

notifying device 84 when the measured level is 80%, 85% or 90% of the capacity of

the sulfur-absorbent material. It should be understood that any desired threshold level

may be used, and that the above levels are merely illustrative examples of suitable
25  levels.

Controller 80 may include more than one threshold level to which the
measured capacity level is compared. For example, when the measured capacity level
of material 46 exceeds a lower threshold, user-notifying device 84 may be actuated to
notify users that the material is nearing its capacity for absorbed sulfur compounds

30 and therefore needs to be replaced or recharged. However, should the measured
capacity level reach a higher threshold, which is selected to be at or near the capacity
level at which the material can no longer effectively remove sulfur compounds from
feedstock 28, then the controller may actuate a system-controlling response, such as
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10 limted to, air, water, oil, ethylene glycol, propylene glycol and
silicone fluids. Heating assenbly 50 may additionally, or alternatively,
heat bedsvddz/4diegii rectly by heating the carbon-contai ni ngp€redetacds 28
delivered thereto. Any of the previously described and illustrated heating
assenblies may be used to heat the feedstock 28. This has been graghically
i || ust rat echuiing ¢pwiy pagt prghi fhthg fARlRIPeR§sing SYHSWQHAEBAsY RICEIHEBSHPE cal | y
illustrate [ t Q¢ Walell .epl aced
or 1 echar g EiudJforh RERRIRRT R SERLHLRBNE daBrpRELI R fBlRmiRD

sul f ur - abs oraedydt fiokt Beihgbsisdfeddonfeed st thdtevertiains sulfypdodgiduyids.a bed wi || be
used to purify hydrocarbon fuels until the bed is at | east 80% and | ess
than approxi mately 9896 éfscvﬁsefié&bfa%}'@c%o\f&?a%@g%‘i%méw fde PPresatoEc be 20
under st aod L@t abdder e BedrBy. %iﬂﬁ&%a@i%@m%dihﬁﬁh@f fl MAERy R Abfhes ent
percent of 1ts capacity. Wien the bed reaches a determ ned capacity, or
capaci ty rarigel0.t s shedn, selfiirakmovaf fss¢mbig 40omchdpd apamestt subfurakwnlzangi ng.

Vh ingl e bed 44 | , it J,s preferable (but i red). t hat
Fuel pr ocestindiyitrei et Fhomided  IF Sy uSedsors AL A gahbm drtdim ni ng
when the 25alsidcadiRAdRBAAa n6has! Firliatdieane heAGRR ABshobikgger | ng

a user-notifying event in response thereto. An illustrative exanple o
sui t abl e comtseokd end/80 parsllshods shawnfFeentrodlen8a ineludesde sensos A sdapte? tadapt ed

to nmeasyre the percentage of the bed: acity of .absorbed sul.fur .at

whi cht He° gaerpB bR EPiARg ShonkitE ohEitbhed 307 Stk iPRR SEPETY BE s edh

i ndirectly cbdis@R¥ of HidréhofodSBRENJG [&eM] 66vallegl exanpl e, the sensor 30 may
be adapted to neasure the sulfur content in the beds directly. Wen the

sul fur content of feldEomscappigations b besispisdie &7 assopblnke te msludsrah of a
timer or fy e t. . . tlndire by
respectivel lﬁgsr;ew@ggés ugrplageg%?ﬁgatol % Iel{r}glg ﬁ)ﬁéﬁ%&ﬂgt %&ré%cﬁxﬁ%ﬁgt ﬁé&g{é‘%’ ﬁ’%ﬁl%ee n
used or t hepariidulartbedinebéetdieaethdr ful orFepddi2 idIpak FeEhhaISebiohdiut®niias been
passed t hrough the hed. For Bg);lposes,of il lustration, nunmerous suitable

sensor s!’an be pgndbedapaippe progeht offfinen Lnce esthswred bedrngys be tepiacad 10.

Sensors 82 ' ] ' ' [ ' ,
whi oh may b%fagdr?ﬁéﬂ&gécf v e fRNpIoRbdshly &Rt Bo&OBIHLE 3 bRl 8wn 83

brought offline. In Fig. 10, controller 80 communicates with a valve assembly 86 that

selectively delivers the feedstock to one or more of the beds 44. As shown, valve
assembly 86 is adapted to deliver the feedstock to bed 44°. However, responsive to
20  control signals from controller 80, such as when the operating capacity of bed .44’
reaches a threshold level, valve assembly 86 instead delivers the feedstock to bed 44”.
Valve assembly 86 may additionally or alternatively be manually controlled, and it
may be located internal or external assembly 40. After isolation from the flow of
carbon-containing feedstock 28, bed 44’ may be replaced or recharged. One suitable -
25  mechanism for recharging the beds, or more particularly the sulfur-absorbent material
46 within the beds, is to roast the material in the presence of oxygen or air to convert
the sulfides therein to oxides, and then reduce the oxides to reclaim the base metals.
As discussed, any suitable fuel processor 20 that utilizes a reforming
catalyst 32 may be used, such as steam reformers and autothermal reformers.
30  Examples of suitable steam reformers are disclosed in U.S. Patent Nos. 5,861,137 and
5,997,594, and U.S. Patent Application Serial Nos. 09/190,917 and 09/802,361, the
disclosures of which are hereby incorporated by reference. An example of a suitable

fuel processor 20 in the form of a steam reformer 100 is shown in Fig. 11. Reformer
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suitable wired or wirel ess nechanismfor enabling one- or two-directional

5 communi cati on. Responsive to the neasured capacity |evel conpared to
stored tWoexkubsl | evel, the controller nmay produce a sysPemis@syiofsse, such
as a control signal 85, which, simlar to links 83, may be. any suitable
wired or wireless nmechanismfor enabling one- or two-directiaonal

communi cat i 1R, inglvées refermings aF dadrogoepradiicings segien SRai Hhéchst SWeEPaehT eshol d

l evel, nor i equj e I B still
s sut 11 ol LRI sl S B SRESAIBE 100 % BRI ASRRERFHeanl BE S,
| evel reacheflntrated (e®ds 11 he séparas hiedaths| @welining hatet @btandlchdbn-aohtaalies a

user-notifyjn evi.ce_84, such as an, audi o and/or visual device. As

i ndi cat ed afs%f%@cﬂc%ﬁn r SP¢ dydrpgen-ReRfainig sHRaTh IR CpEIRT BRPUSHCS oAty

| east one L€ ' : reqi

thres hoIrSd \r/%gfggo\f? gsfﬁ"i:l er%(% %?%aSb %t?\(gla%gﬁg ﬂ&’?ﬁ’ﬁég‘ﬁ%{gﬁtﬁﬁg& lli@e;}e %@ggﬁl?, t he
t hreshol d Istreeh isspwdiceict do spahtivthatgiom L0tk Aydrogerespumismg straant is

required by the yser before the sulfur-absorbent material has too |jttle
el i g SSRAGET P SRR BOES Daies Ruraral agompet tadrorro s ild ock
28. More  spacfobhé drbduct !h&dfo%e@rsﬁ‘rfeﬁﬁ ahl B}( tahgtsultile GREGHGLAREn aEpHRESGS the

user-notifying device prior 20 to the sul fur-absorbent material reaching
i ts capaci tpyodess. &fsf distussed, rrodivcalhydfogenisfream 22ompy heddeliversd tbeladscelbk 28.

For exanpl e contraoll er may,.actuyate user-,.netifyi devi cge,.84 en the
ronsor o1 a5 Bl o R BShAIN: FutR S A PP et 2P S e BtiFead BT ot
mat eri al . |4 susaolelstbrie: ARUR! sicAQd athfatidepyd slegbhgstahir sl éled ©talse inmy be

used, and that the above levels are nerely illustrative exanples of
sui tabl e 2Bogessasrequitpspwidfi¢ddiydseeeredpsi ncl ude nore than one threshol d

| evel to which the i i . . e, when
t he measured capaci t)r;&?gg/%ﬁ e%?gﬁg@eb\r{? %at?%i%egérc‘gsgg}sgg%%%wmg%%lﬁ%gg@%ﬁ%J,
user - not i f yherghrday imedfid 1My wWisclacbitaing dorie0 or madre flyydusgehSpdrin@bble heetaht er i al

is nearing its capacity for ahsorbed sul fur conmpounds 30 and therefore
needs t¥ bensmpRBesel 4orAn gxaranleefia syiahis mpmbemg Ml fermed Eomeplugtibaci t y

Lovel LR R B ol TSRO S i G Al
sul fur conoupitte disdosure of which is hereby incorporated by reference. In that application, a
plurality of generally planar membranes are assembled together into a membrane
module having flow channels through which an impure gas stream is delivered to the
20 membranes, a purified gas stream is harvested from the membranes and a byproduct
stream is removed from the membranes. Gaskets, such as flexible graphite gaskets,
are used to achieve seals around the feed and permeate flow channels.
The thin, planar, hydrogen-permeable membranes are preferably
composed of palladium alloys, most especially palladium with 35 wt% to 45 wt%
25  copper. These membranes are typically formed from a thin foil that is approximately
0.001 inches thick. It is within the scope of the present invention, however, that the
membranes may be formed from hydrogen-selective metals and metal alloys other
than those discussed above and that the membranes may have thicknesses that are
larger or smaller than discussed above. For example, the membrane may be made
30 thinner, with commensurate increase in hydrogen flux. The hydrogen-permeable
membranes may be arranged in any suitable configuration, such as arranged in pairs

around a common permeate channel as is disclosed in the incorporated patent
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feedstock 28, then the controller may actuate a systemcontrolling
response, such as 10 WD 02/49128 PCT/ USOLl/ 51148 shutting down part or all
of the fwedopsmeessi ng system or ot herw se preventing thepCt/@sastiosk from
being delivered to the fuel processor, thereby preventing the reformng
catal yst from_being poi soned by feedstock that contains sulfur conPounds.
As di scusseWppligifiong - Fasbydiogas perprablu mombyane e gaanhranes WAy falkshathes

sul fur-abso ' ' | ment of such an assenbly is
shown in Fé%ﬁ%%ﬁg%sé&%l\ﬁﬁ?&is%ﬁ%@%%)Yﬁg%{mgg%enbI y 40 includes a pair of
sul fur-absorbent bedand#ier aramply obedsitable panRslird4epardtionsproudsd iberesnder st ood

t hat any nunber of beds be used, including mre than two beds.

Fur t her mor &ViP# @%%Hgom@m dBemsinreipeionl & Prgsaliemptisplype de spitablg
shown, nt ' R pted to 10 nmeasure the
operatigsg csg%gtl?%§&%1§ﬁgg}éﬁg§£ﬁaﬁgto dagtge %’gﬁ'e i f the capacity of the beds
exceeds one or nore sRefoedet h¢®ksiayl fhrthew éhcdudeorn podishieg.regionsie such as
applications, it. e sirable far assenbly 40.to inc]Jude at __|east one
PEpare" bect PR SEnbs PObiRERon 1GHSy e YOS IEr ABRMRVER vhen
a particul @hahgeh RO dPaREuARGHANHGRH IR stre SR 3GeSucild e TBASRIREHh sBY be
brought online 15 and the used bed may be brought offline. Once offline,
the used beat remyovives, r emhrosdigns dhat/ wey rdoiege giud] cylbtstacke34,usiichpasocabei ng
system does_not .need.to be shut. do or ought. offline..In Fig. 1
control ler %Bn%??ﬁwﬁﬁflc b \?\%Otxﬁdea &gffg\’%l a@ée‘ﬁgﬁc}e%@ny hsa’t]t‘tab]’fe?tlé‘bcg‘fr\e/eggl
delivers t henfoea@séroeludifg BREcHceBARN AT thé 8clB&ES cothpohGoshiaWiseamal Me
assenbly 86 is adapted to deliver the feedstock to bed 44'. However,

responsi ve Ko exgmpiontihen the preded streamicitandsd ferrusgon adikdW fad ogl stack iee
operating c Ci 0 1 44" S vel ... val assenbl y
86 i nstead (gg%i \k}%\%{%e Iﬂﬁ%e‘gglé gtdoc ag?zgqﬁzhdﬁa iﬁgqn? a#a\(i/ir(laSJ glso g%ar%a}ﬁy détgn%l%?/g

addi ti onal | gonoentatibes oAtirkel ynohexide oy ahrbyn diviide il mdy barddsitdble toaiychde

| ocated internal or external assenbldz/' 40. After isolation fromthe flow of
car bon- Bont &ilfsh gne sedangtign sgfalyplehpdalls. nBgd dd 8 copyertsecrrinm meapxidgaad one
sui tabl e 25 N far ' . g | 4 he
sul fur - abs ocr ent&%@g‘rlﬁgl mé@%%&ﬁﬁ%te%’@ﬂggg?h@{swgghrgtog%'?é eﬁ%b%/% g%e? al in
t he presencellctackx Poéishiog region 116 meyabo include another hydrogen-producing device

120, such as another reforming catalyst bed, to convert any unreacted feedstock into -
hydrogen gas. In such an embodiment, it is preferable that the second reforming
20  catalyst bed is upstream from the methanation catalyst bed so as not to reintroduce
carbon dioxide or carbon monoxide downstream of the methanation catalyst bed.
In the preceding discussions, attention was focused on particular
examples of suitable sulfur-absorbent materials 46 for use with sulfur-absorbent beds
44 according to the present invention. It is within the scope of the invention that I.TS
25  catalyst beds may be used alone or in combination with other sulfur-removal beds,
such as schematically illustrated in Fig. 15 at 160. Examples of beds 160 include
beds containing traditional sulfur-absorbent materials 162, such as zinc oxide, nickel
oxide, iron oxide, and/or activated charcoal. Another example of a suitable bed 160 is
a desulfurization catalyst bed 164. Desulfurization catalysts are used to convert sulfur
30  compounds that are not generally absorbed into traditional sulfur-absorbent materials
162 into hydrogen sulfide through a process called hydrosulfurization. In this
process, a carbon-containing feedstock is contacted with the catalyst at high
temperature and in an operating environment containing a high partial pressure of
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the sulfides therein to oxides, and then reduce the oxides to reclaimthe
base netals. As discussed, any suitable fuel processor 20 that utilizes a
ref orm ngvoozsuby st 32 may be used, such as steam ref or nepeT/asa/Awsot her mal
"refornmers. 30 Exanples of suitable steamrefornmers are disclosed in U S
Patent Nos. 5,861,137 and 5,997,594, and U.S. Patent Application Seri al
Nos. 09/ 1901ydreeaihdo comsep the pulfimeontaniog| epsmpasedyf sughi ashmerapter spir,

i ncor por at e@ré&ﬁicr ShRLENEE: thﬁl%{x%%%mh@ cﬂgmﬁ:aﬁy i:‘%ogfmi%f E%g{;ieso b %ig%ﬂ‘\{%&o in

the formof & steamreformer is shown in or mer

02/ 49128 PCWHUS0 k& 1dct 8rehdlly | redovelé sby ettalitidrnad, subfur-ayshirioge nmpredidlsc i in®,
region 30, in_ which hydr ogen- contajning stream or m xed gas stream 104
i s produced Wiwgen suliidst r Eagnmbydrogg sukide; can; ﬁhF’ﬁiter@PéH’efi PYFR gonyentiggal

separ at e5 St LERIEHs b Mhigaat er 26 and carbon-containing feedstock 28'.
The hydrogen-containing streamtypically contains inpurities, and 5
therefore is deliveredntfiog.dSsbahiad isoshomegprereding bedidd f butahe oeversegirder, 106,

wh th t j ified. | ti.on i 106, t
yelr ogen. coftat S Wi amitcaddpIiasa St Gty Hope B resatad ot r eans
108 and a pyhdcdeb®gd I8 Risteamutaly itfldfhted & PR, PY,odH SbddVEl R9ERawt F €am

22 by any suitable pressure-driven separation process. As discussed,
product hydtlsgeame tor gaffeiz2t penstibetiats] | Yera dunther faxempbe Hig. 118 sthamiatiGAly

Al ternatjvel 0 diti | ] S or_.al.l stream 22. may he delivered
to a Shlbt abﬁ‘gn&{%?@&te%%‘g%cg}éyslﬁglﬁggéngeﬂ?d% d8 BE&d Br °@F’b¥‘§g‘ér'rteﬁlr?¥?l or
del ivered f @iatéififls, isfich Rraesaesecz.equiring purified hydrogen gas. An exanple
of a suitable structure for use in separation region 106 is a mnenbrane
nodul e 112, whi ch contai ns one odndasteal Applieadlityper neabl e metal 15
menbranes 114. An exarpl f & sul e f

plurality of hydr ogen@gﬁé%fe P@lg%rr%{oglﬁg %g%érgg%gtg aFQﬁ%Fé%%s%%n%e a?lr(il %&ge%l?at ent
No. 6,221, 1iysterhdrén whinipihet Redlissedmosuntimfa witboh-comaingiefaeditoclotponaiyed, by
reference. In that application,.a plurality of generally planar nmenbranes
are asséfbl Sfldsgabseptapated withsyliuecontaiping 6OMAWHS- f | ow channel s t hr ough

which an impure gas st 83ibsadfhd e LRIl BP 1At IRALCARGpasesitifiblecd 925
streamis harvested fromthe nmenbranes and a byproduct
distinct inventions with independent utility. While each of these inventions has been

disclosed in its preferred form, the specific embodiments thereof as disclosed and
illustrated herein are not to be considered in a limiting sense as numerous variations
20 . are possible. The subject matter of the inventions includes all novel and non-obvious
. combinations and subcombinations of the various elements, features, functions and/or
properties disclosed herein. Similarly, where the claims recite “a” or “a first” element
or the equivalent thereof, such claims should be understood to include incorporation
of one or more such elements, neither requiring nor excluding two or more such

25  elements.

It is believed that the following claims particularly point out certain
combinations and subcombinations that are directed to one of the disclosed inventions
and are novel and non-obvious. Inventions embodied in other combinations and
subcombinations of features, functions, elements and/or properties may be claimed

30 - through amendment of the present claims or presentation of new claims in this or a

related application. Such amended or new claims, whether they are directed to a

different invention or directed to the same invention, whether different, broader,

14



streamis renoved fromthe nenbranes. Gaskets, such as flexible graphite
gaskets, are used to achieve seals around the feed and perneate fl ow
channel swaOhz441b8 n, pl anar, hydrogen-pernmeabl e nenbranes RCEURIIeS1e43abl y
conposed of palladium alloys, nost especially palladiumwth 35 wt%to 45
W % 25 copper. These nmenbranes are typically fornmed froma thin foil that
i s approxi nmafEpyerprraraliinspeps to Aheprigingl dlajmgj arp alsorpgardedosanelpdedhwithine s ent
i nvention, r t e d from
hydrogen-sep§%§¥sﬁt%%@%rghgﬁavﬁgggFegﬁﬁéys %?ﬁ%$&£l'an t hose di scussed
above and that the nenbranes may have thicknesses that are |arger or
smal | er than di scussed above. For exanple, the nenbrane may be nmade 30
thinner, with commensurate increase in hydrogen flux. The

hydr ogen- perneabl e nmenbranes may be arranged in any suitable
configuration, such as arranged in pairs around a common perneate channel
as is disclosed in the incorporated patent 12 WO 02/49128 PCT/ US01/51148
applications. The hydrogen perneabl e nmenbrane or nenbranes may take ot her
configurations as well, such as tubular configurations. Another exanple of
a suitable pressure-separation process is pressure sw ng absorption (PSA).
Therefore, region 106 may alternatively include suitable 5 structure for
perform ng pressure swi ng absorption. Reformer 100 nmay further include a
polishing region 116, such as shown in Fig. 12. Polishing region 116

recei ves the hydrogen-rich stream 110 from separation region 106 and
further purifies the streamby reducing the concentration of, or renoving,
conpositions that may damage fuel cell stack 34, such as.carbon 10 nonoxi de
and carbon di oxi de. Region 116 includes any suitable structure for

removi ng or reducing the concentration of the selected conpositions in
stream 110. For exanple, when the product streamis intended for use in a
PEM fuel cell stack or other device that will be damaged if the stream
contains nore than determ ned concentrations of carbon nonoxi de or carbon
dioxide, it nmay be desirable to include 15 at | east one nethanation

catal yst bed 115. Bed 118 converts carbon nonoxi de and

15



carbon di oxide into nethane and water, both of which will not damage a PEM
fuel cell stack. Polishing region 116 may al so i nclude anot her

hydr ogenwo ozleraesrg devi ce 120, such as anot her reform ngpcauadydt48bed, to
convert any unreacted feedstock into hydrogen gas. In such an enbodi nent,
it is preferable that the second reform ng 20 catal yst bed is upstreamfrom
t he met handt$¥BAIMEt al yst bed so as not to reintroduce carbon dioxide or

car bon nonoxi de dovvnsf_rean}\%{‘elltonp&egg;{l?g}%%gﬁgﬁﬁtsgllﬁyst bed. In the

precedi ng di scussions, atte n was ticular exanples of
sui t abl e sul f ur - absordbsiifuriramevil alsserdily fimsludiag amdabt @1¢l dulfinr-absdsdnebed beds
44 according to . the present invention. is wthin the scope of the

I t
i nvention tHaptel 18 egeivg 1a FEAM (FORRIHAY deaheROHPBINg SiedpAck SRBI ST on
wi th ot her | ' -1l AT knh Fig.
5 o 160, Eoeapal SRAEh (BERRY comifil RRE JBRBLE At A BB 8
sul f ur - abs oethart themberenthisorl 62the sutthr esmpoumnds ax ilobestreaimng ked further céherdim on

oxi de, and/or activated charcoal . Another exanple of a suitable bed 160 is
2 desul fur i Ba R CEREPSH DBGHAL g3 BRET) FrAEDEE oo SPRINEE < GNBRRd 1 o
convert sulfyfox3de GRIMMARGS vidi@hy@oBeR Shs 960 ehBbA MiAREO Etbt%ﬁnp'efh_fnﬁes less
traditional sulfur-absorbent nmatérials ™ 162 into hydrogen sulfide through a

process calthaulagpyariostdly 850°2Gtandn. In this process, a carbon-containing
feedstock is contacted wi,th the catalvyst at high. tenperature and in an
operating environment® CSHtRIPFHSHY %&aﬁjfeéhgopﬁeFFﬁvﬁ% B@gssgﬁ@ ﬂ?{ i%c%\lf%s (}5‘7 49128
PCT/ USQL/ 5 Ichigbnhataht 2668 fc8dstsuRY Bom tHe sellkfrdhotANhabnbRO 260 W P#bde sUCh as
mer capt an sul fur ganic sul furs |like thiophenes, and chem cally conbi ned

or J

sul fi des arfiodncs hydrogenstreaphecatining hydtoger ges thgrefieoved by traditi onal

sul fur-absorbent materials, into hydrogen sulfide. The hydrogen sulfide
can then be renoved by a conventional 5 sulfur-absorbent material. In Fig.

15, bed 160 is shown Zr eceTheGuddqrtodedsing Wysiche of eldins e, vheein themyuldlrso be
used, as indi.cated in Fig. 16. Simlarly, bed(s) 44 may be prec?ded and
succeeded HAPsoeRtsmatsyal Kssedeckrdnipinca grain of materiglsathat dogsinpt catalyzgihe peds

160 may havgy, i i hi¥fe HbhltRE ERbofABShIE F8AR0ck Whéh bR ofXABR! €.

Fig. 18 schemati ca
at a temperature of less than approximately 400° C.

3. The fuel processing system of claim 1, wherein the sulfur-
absorbent material is selected from a group of materials that does not catalyze the
formation of coke from the carbon-containing feedstock when the bed is operated at a

temperature of less than approximately 400° C.

4. The fuel processing system of claim 1, wherein the sulfur-
absorbent material i1s more reactive than zinc oxide at removing sulfur compounds
from the carbon-containing feedstock at temperatures in the range of approximately

100° C and approximately 400° C.

5. The fuel processing system of claim 1, wherein the sulfur-

absorbent material is adapted to absorb organic sulfur compounds.
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10 illustrates that bed 44 may include material 46 as well|l as other

sul fur-renoval materials, such as materials 162. Industrial Applicability
The presavo ozmienti on is applicable to all fuel processinpcaudoffuels cel |
systens in which the feed stream contains a carbon-contai ni ng feedstock
that may 15 include or be contamnated with sutf r.- cont ai ni ng comnpounds.
It is believed that the di 54 E@Er}gogt‘@fmgosryﬁtﬁmag \‘Pgﬂ%‘ngowg%g’e it tipl e

di stinct i nygsheANmatl id RESRENIRIN aU%folu})t OF mifiiaR BAF ArLhoibORECWhen
inventions has been disclosed in its preferred form the Specific

enbodi ment sexphsaddofuldier abngoiuoded and illustrated herein are not to be
considered in a limting sense as nunerous variations 20 are possible. The
subject matter of the inventions includes all novel and non-obvi ous

conbi nations and subcprbi npkd GRg ﬁ&cés&lﬁﬁvs%ﬂeﬁfl& RILNEA FheleRRIHY SFfur-
functions and/or properties disclosed herein. Simlarly, where the clains

recite "a" ahsorbgntf naterial é¢ eelesied from teh grosguetymiatenialst thet ersf poiserd when ns
shoul d be uendere ttoosd 0 gnc(l)u%e i_ncoy o[ at i an... of .o e an mgfg %uch

el enents, nePPRar O BYHT FPRECWRSE PESER BT PP IGRS D HE @8k Ot S5 Vtidht s, 1t
i's beli evedetpaiztiréiEleéahhoprrgxiflatlyB5@arti cul arly point out certain

conbi nati ons and subconbi nations that are directed to one of the discl osed

i nventions and are novel and non-obvious. |nventions enbodied in other

conbi nati ons and subgonbi ' et , >t i on enen nd/ or
properties may be clgfned gggpﬁggﬁgEméﬁgﬁﬂﬁgﬁ%Oggﬂ@%eﬂpﬁgg%L H%i%?ﬁg or
present at i cabsatbhemanatetiaiinaiudes 10FB08% oopprer ok@eat ed application. Such anended

or new cl ainms, whether they are directed to a different invention or
directed to the sanme invention, whether different, broader, 14 WO 02/49128

PCT/ US01/ 51148 narrower orrgauah ﬂrﬁ%eﬁﬁﬁges%’é@mt he c]?.ﬁﬁlgé,”%e&hﬁiﬂ{éﬁ sulffr€ al so

regarded as included Within the ‘subjec tter of the inventions of the

present di sabsorbamtenatdidal\Nir10d¢sLD160%%6 PPpe/8OdES51148

10.  The fuel processing system of claim 9, wherein the sulfur-

absorbent material further includes zinc oxide.

11.  The fuel processing system of claim 1, wherein the sulfur-

absorbent material includes chromium.

12. The fuel processing system of claim 1, wherein the bed is

operated at a temperature in the range of 20° C and approximately 400° C.

13. The fuel processing system of claim 12, wherein the fuel
processing system includes a heating assembly adapted to heat the at least one sulfur-
absorbent bed to a temperature in the range of approximately 100°C and
approximately 400° C.

14. The fuel processing system of claim 1, wherein the sulfur-
removal assembly includes a plurality of sulfur-absorbent beds containing the sulfur-

absorbent material.
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| CLAIM A fuel processing system conprising: a sulfur-renoval assenbly

i ncluding at | east one sul fur-absorbent bed adapted to receive a stream
cont ai ni mgo a2/e|@edHon- cont ai ni ng feedstock and sul fur conppPONIS)/AuMSr ei n t he
bed contains a sul fur-absorbent material that is adapted to reduce the
concentration of the sulfur conpounds in the stream and further wherein
the sul fur-absorbent Pat erits fuek peRessing syséere Hf 01315k 1 fhwheishHy thessudiirof
carbon no ' - j : [Mondl t
Forper at ur a2 P o8 LB tindeR aX o L 0 g P SRR PO B 1 e
t 0 recei ve saefimedntinieaihe daiain-¢oncdinide feddsck ecanbizastamettait dse ghdnedtlsf ock

fromthe su|fur-renoval assenbly and to produce a_. product By rogen stream
cont ai ni ng Ay &GRS Beorchedr eatde 3 leashane g rhepﬁu%fe&@ﬁ@ng %cfs 1ot ai m
1, wherein Lheyspbdimbn oPREQHLERT ﬁ'iﬁﬁ]ﬁ{'tﬁl: hipos b fn?x% E@f &, 9roup of
materi al s trhat d%fés n%t()lacatar yzeot e éfor r?art%ioon %t? me {?ane %fomthe
carbon-contai ning feedstock when the bed is operated at a tenperature of

| ess than approximately 40Q' C..3. The fuel praqcessing stemaqf ¢laim1,
wherei n the sulfur - atfvor e ek PEcFRng el aliatint ToNTAR GO of (e
materi al s tsﬁﬁ{lr—%%?oeﬂf’tbegﬁtc@h%ﬁﬁl% W shiFhTRsb@RnOnAate HasoMdbPRity of

car bon-cont ai ni ng feedstock when the bed is operated at a tenperature of
| ess t han aabporbsd sulfig| apnd400herGvheteinTthe fiial girogssoee systeny imgiedes rat dfastcomd m 1,
wherein the sul fur- sorbent . material is.nore reactive than.zinc .oxide at
Fomovi ng. o GFRF At BAReRR B PERehEes BEHESoRELT Al Wi et Do Bie e

t enper at ur spetainghe range of approximately 100" C and approxi mately 400’
C. 5. The fuel processing systemof claiml1, wherein the sulfur- absorbent
material is adapted to absorb organic sulfur conpounds. 16 WO 02/49128
PCT/USOL/ 51148 6. Thef uelpr geessddgkisy shedh Ur Ghidl T bnetiS eG4 of e

sul fur-

sulfur-absorbent beds containing the sulfur-absorbent material has a capacity of
absorbed sulfur, and further wherein the fuel processing system further includes a
controller that is adapted to determine when a threshold value corresponding to a
predetermined percentage of the capacity has been reached and to trigger a user-

notifying event responsive thereto.

18.  The fuel processing system of claim 17, wherein upon
determination that a bed is operating above the threshold value, the controller is

adapted to send a control signal to a user-notifying device.

19.  The fuel processing system of claim 17, wherein the controller
mcludes at least one sensor adapted to measure the percentage of each bed’s capacity

at which the beds are operating.

20.  The fuel processing system of claim 19, wherein each of the
sulfur-absorbent beds containing the sulfur-absorbent material includes a sensor in
communication with the controller and adapted to measure the percentage of the bed’s

capacity of absorbed sulfur at which the bed is operating.
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absorbent material is selected froma group of materials that are poisoned
when exposed to sul fur conmpounds. 7. The fuel processing systemof claim
6, wherewobheistl fur- absorbent material is sel ected froprCHUgOICID48OT
materials that are poi soned when exposed to sul fur compounds present in

opr i et ey 350 C B el sl DbpeRBe g e b KR ite SHIBST 1 t he
sul fur - absaiihents ARERE BbribAsh Wk 40eR0UE RRRREIONIEREs Sored B dukR ot

processi ng systemof claim8, wherein the sulfur- absorbent nmateria

i ncl udes 20ChseWiurappabemtiedecont@ninglibe $ulbir-apsawbed siatgriadyst em of claim 9,
wherein the sul fur- absorbent material further includes zinc oxide. 11. The
fuel processing systemof claiml1l, wherein the sulfur- absorbent nateri al

includes chrom um 12 Therfdile]l ProReRRE FY8tehYSE @AMDD 1, Ghiddrsin khe vhiafdlen the
bed is operated at a tenperature in the range of 20 C and approxi mately

400 C. 13. imgladgsiemepionepediondn syhuchesh ledst gllewen ang a highercthresheld vialps) are
rocessin m | ne¢l udes heat i enbl.y._a t ed.to t the at, | east
one sui  ur B0 ST o 0 v i BRAF Bl BRAE; SRob wpS Bl el or )

100 C and aagprigtinaipeh eddiratiod 4hat Dae of el baak @eaBEiing tieywil farmiedorisdnai m 1,
wherein the sulfur- rempval assenbly includes a plurality of
sul f ur - absdRHERR e gBeTEGRE A A SaPAcHY dal rysecdaberipwat thgshold galue; theyo

02/49128 PG LIS/ %@teﬁﬁﬁoy&%& ﬁgét d%&SF?ighélgtosé{ ?%‘%;ﬂcﬁﬁg?&?de% Aapdiherein

the sul fur- rermvaljlé e I'nc es a valve asse i's adapted to
sel ecti vel yfurhér whereihapost deamigaivhathat roget dfe theabbdsn eartainhaign theg shiléedst ock
to at least one but |ess than all of the sulfur-abso nt beds such that

b
bt | east orfbgpeRBAER 5 CPRBGH bR CTAY (B SCTrdh toe higher thresholaVaiLe,

the controller is adapted to send a second control signal to the user-notifying device.

23.  The fuel processing system of claim 22, wherein the user-
notifying device is adapted to produce different responses responsive to receiving the

first and the second control signals.

24.  The fuel processing system of claim 1, wherein the sulfur-
removal assembly further includes at least one sulfur-removal region adapted to
remove sulfur compounds from the carbon-containing feedstock other than with the

sulfur-absorbent material.
25.  The fuel processing system of claim 24, wherein the at least
one sulfur-removal region 1is adapted to remove sulfur comf)ounds by

hydrodesulfization.

26.  The fuel processing system of claim 1, wherein the carbon-

containing feedstock includes at least one hydrocarbon.

27.  The fuel processing system of claim 1, wherein the carbon-

containing feedstock includes at least one alcohol.
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receive a portion of the stream containing the carbon-containing feedstock.
16. The fuel processing systemof claiml1l, wherein each of the

sul f ur - alveopbenes beds contai ni ng the sul fur-absorbent natreT/@RIFA$48a
capacity of absorbed sulfur and further wherein the fuel processing system

i ncl udes at | east one,_sensQr ted .to asur.e th rcentage of the
capacity at which eacH%of ﬁ&‘@iﬁ‘gd}go‘?eésm% aE° ﬁalamﬁ 8’%5@19{}118% P& ng
system of cligiued wabesRi meefasthp@test&emcmubg‘ grre@ﬁﬁﬁlrgbt%gfonh@ftﬁ af %Etaér{é' ng
t he sul fur-absorbent material has a capacity of absorbed sul fur, and

further wherdpmuingeatalyst bedt adptadi tagrednse ersirbun cheteining hydfegenagasfom fel | er

that is adapt deter ne. when..a th old.val u corf din

br edet or mi niiOSErRBNEA e TaR AL aBaend FHSL obd Pt BREC R R ger
user - not|fﬁym@n@yﬁﬂhnhesﬁgﬂ§bmﬁaﬁﬁmgﬁyﬁ% eﬁ%asThe fuel processing system of
claim17, wherein upon determ nation that a bed is operating above the

threshold value, the controller is adapted to send a control signal to a

user-notifying device.,ql9. e essi A f erein
the controller inclu gs atI¥é%%#8%ﬁ§&§%%§%? % ? %p%%'ﬁéégﬁggéﬁﬁg
percent age obnteiadly hedfogerc gpafirthyr igiudsdiothert g’a@ed;)%d& fartReropkdrain thg.fudl0. The

fuel processing system of claim19, wherein each of the  sulfur-absorbent
beds cont ai BI9§§SSCh&ckises aﬁc%@mrb@awnﬁﬁmqwe shieany gerfaigingdidaggen gas 1s

conmmuni cat i 1 tﬁ%g ge of
the bed's 9§>a‘£ﬂél&?§/ﬁt§§‘a l?lglg&o% ge ur at gct%aﬁmgtg%ﬁpéﬁggggcrﬁgg&ﬁ E?s 18 WO
02/ 49128 PCindJsblyprodiettr2dm cimtamﬁmyht lgasoe egsiangalspostieny Ohe otherr pastd., wher ei n

the controller includes a nmenory portion in which at |east one threshold
value is stored for each of the sulfur-absorbent beds containing the

sul fur-absorbent mat eppal . T%afue‘litp@oéeéﬁhg%@&ﬁ%@bman%tvﬁ@?eﬁtmel@ﬂa@at%ta
wherein the controller includes a nenory portion in which at l[east a | ower

and a hi gheregum ssitaptpdita |sgearate dhe stream containing hydrogen gas into the hydrogen-

rich stream and the byproduct stream via a pressure-driven separation process.

31.  The fuel processing system of claim 30, wherein the separation
region includes at least one hydrogen-permeable membrane t;osittoned to be contacted
by the stream containing hydrogen gas, and further wherein the hydrogen-rich stream
is formed from a portion of the stream containing hydrogen gas that permeates
through the membrane and the byproduct stream is formed from a portion of the

stream containing hydrogen gas that does not pass through the membrane.
32.  The fuel processing system of claim 31, further comprising a
fuel cell stack adapted to receive at least a portion of the product hydrogen stream and

to produce an electric current therefrom.

33.  The fuel processing system of claim 31, wherein the at least

one membrane comprises at least one of palladium and a palladium alloy.
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stored for each of the sulfur-absorbent beds containing the

sul fur-absorbent material, and wherein upon determ nation that one of the
beds contvad nt/mg2g¢ he sul fur-absorbent nmaterial is operatibpgr/asosiespaci ty
t hat exceeds the |ower threshold value, the <controller is adapted to send
a first control signal to a user-notifying device, and further wherein
upon det er ni nati on t hdf ondhefuel heoasesiag eGtaPhFlAE BhevBeringhe sepggsiopent

material is i - ' j -

Value, - tho" BB kit BhL A IRR S o Bl SRR AR PR BB R, 1
user - not i f yiageabbvpatreof menbrihe defidbs pponeat dhgnsyl shechadiedl Rormviidch thiser ei n
the user- notifying device is adapted to produce different responses
responsi ve ﬁﬁmPé@EFQ?ﬁﬁwﬁhﬁlﬁqlwgﬁ and the second control signals. 24. The
fuel processing systemof claim1, wherein the sulfur- renoval assenbly
further includes at |east one sulfur-renoval region adapted to renove

sul fur conpounds fron3fhe dheHoel- monesamgi sygtefreefistaonkl,ofutther tdraprising b t he

sul fur-absorbent materjal . 25. The fuel pracessing syst of cl aim 24,
wher of 1t he Tl CHLABC AdsRls g PicsTVert Sn i o e O oS S BABVE S ! f ur
conpounds by, fdQdesitdui 8lrt@R thetdronlNe fuel processing systemof claiml1,
wherein the carbon- containing feedstock includes at | east one hydrocarbon.
27. The fuel processing systemof claiml, wherein the carbon- containing
feedstock includes at |east one alcohol. 19 WD 02/49128 PCT/ US01/ 51148 28.
The fuel processing systemof claiml1, wherein the feed stream includes
wat er and the fuel processor includes a reformng region with at | east one
reform ng catal yst bed adapted to produce a stream contai ning hydrogen gas
fromthe feed streamvia a reform ng reaction and further wherein the
product hydrogen stream is fornmed fromthe stream containing hydrogen gas.
29. The fuel processing systemof claim28, wherein the stream
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cont ai ni ng hydrogen gas further includes other gases, and further wherein
the fuel processor includes a separation region in which the stream

cont ai ni WO hydrneyen gas is separated into a hydrogen-ri cRCBUSEATTI4S
containing at |east substantially hydrogen gas and a byproduct stream
containing at | east a substantial portion of the other gases. 30. The fuel
processi ng system of &Pai mAoiel piRessging syHeMsePaTHIR&EN region i s adapted to
separate the stream confai ning, by ers%%@ %@ﬁdin%taq 1&4&?0@8 gﬁlﬁﬂ%@‘sorﬁérﬁrbf? ream
and the byproduct streamvia a pressure-driven separation process. . The

fuel procesadapged ystrestivef acdti@inm Sshtainihgr €icardoneonepdngt feedstock egidosulfiic! udes
at | east one hydrogen- perneabl e nenbrane positioned to be contacted by the

st r eam cont SPHPAYIRy AhersEnthgRed contrms ¢ sHH-aRrbenmatssahigt sgadertedda
stream is ‘ f t] i Nl s that
ermoates. CRrBnn (REAREhHraR Ak Empbi AR BE Sl i AN
portion of theesulfirrabsorbeminmateribing betebtal dongasgrohptofdaeterinist thatadsest iatough
t he menbrane. 32. The fuel processing systemof claim31, furfhe

compr i si ng itabgefhedemmation s melkesoB ko ivBdly %ga%-wr&é@%ngafgvﬁw&&ﬂwaf the
product hydgoogdy StERMRARC, té&p&ataﬁume@t@h%%{)fdxﬁn%w g0 ¢ haaefimp 33
The fuel processing 'systemof claim31l, wherein the at | east ° one nenbrane
conpri ses awheeastheanifucibsodidnaohatemahischdapipdiitd alekotmpigatioysuliBOcondRd9128
PCT/ USO /51148 34. The fuel processing systemof claim33, wherein the
separation ap gion includes a plurality of hydrogen-perneabl e menbranes
arranged in pairs such fubhgfoc8a6h aB@téd @ réRIR ATES dRédneBat AndladsEHee
channel therebetween from which the hydrogen-rich streamis produced. 35,
The fuel proabesicopiaiyng éendstock |fxgmm the slfprramavat eagembdy rigdato pigdhcec el |
stack adapt ej ye | e . portpon of the produc rogen. stream
and to pr oﬁgoéltélgta%%e oég? rsﬁ%argu?@get% 1r%hé&%r?> %nmga% 1%6%%’45’11“%%% W el

PCT/ USQOL/ 51 pAskessor includes a reforming region containing at least one reforming catalyst bed

in which a mixed gas stream containing hydrogen gas and other gases is produced
from a feed stream that includes the stream containing the carbon-containing
feedstock and water, and further wherein the fuel processor includes a separation
region in which the mixed gas stream is separated via a pressure-driven separation
process into a hydrogen-rich stream containing at least substantially hydrogen gas and

a byproduct stream containing at least a substantial portion of the other gases.

37.  The fuel processing system of claim 36, wherein the sulfur-
absorbent material is more reactive than zinc oxide at removing sulfur compounds
from the carbon-containing feedstock at temperatures in the range of approximately

100° C and approximately 400° C.
38.  The fuel processing system of claim 36, wherein the sulfur-

absorbent material is selected from a group of materials that are poisoned when

exposed to sulfur compounds.
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36. A fuel processing system conprising: a sulfur-renoval assenbly

i ncluding at | east one sul fur-absorbent bed adapted to receive a stream
cont ai ni mgo a2/e|@edHon- cont ai ni ng feedstock and sul fur conppPONIS)/AuMSr ei n t he
" bed contains a sul fur-absorbent nmaterial that is adapted to reduce the
concentration of the sulfur conpounds in the stream and further wherein
the sul fur-absorbent A8t eriTae fugl pwcesingdsyBiegmos ddgiaups.ovheraimetheaiudfus-hat
does not ¢ .f0 ' t r f e.

car bon- cont g?’%%@ﬁ%%%%%%@%ﬁ%@% ﬁ%’ﬁlgg t%%ﬂfg?onﬁ%rggggc;ﬁ%ﬂ rykfoésr%lg? avfdtljern e of

| ess than apppoxd iatelfiy d@tbdindapttséntrih teficenvage®s i theeasgel dfur-1ahpar hent
material is adapted to absorb organic sul fur conpounds; and a fuel
processor adEapReEYuEes less e Appoxaaiglysti0e&m t hat i ncl udes t he

car bon-cont ai ni ng feedstock fromthe sul fur-renoval assenbly and to produce
a. product hydrogen stream contai ni ng hydrogen gas therefrom wherein the
fuel processor includés aTheffoelhprgesseg oRtenoof &laimngo,atvhéremsthe oruéfur-
reform ng catal yst bed. .in [ m xed gas stream contai ni ng hydrogen gas
and ot her ggé%g?nénﬁ%{%}}@ %?&gﬁﬁ%‘f"é’%“g‘tlﬁ?%amthat i ncl udes the stream
contai ning the carbon-containing feedstock and water, and further wherein
the fuel processor includes a separation region in which the m xed gas
streamis separated vidd a ghesfal prodedisicgnsystepaodtdam 4Qrobesm thatmifar-

hydr ogen-rich stream cont ainin | east substantially hydrogen gas and a
bypr oduct sf Sé’éi‘?ﬁnga}?feé}ﬂﬂfl}?l}ﬁ&?9?'3@2%0"&’13%‘8% %ntial portion of the other
gases. 37. The fuel. processing system of claim 36, wherein the sul fur-
absorbent material is nore reactive than zinc oxide at renoving sul fur
conpounds from the céfbon-Therfugl niogessingesistest lof AlaimefbeWheremethei ylfune

range of ap I . }198 proximately 400 C. 38. The fuel
processi ng gé%ﬁé%%%%‘%l m gfn%\?ﬂ%g?gﬂgﬁ%?wg?sul fur- absorbent material is
selected froma group of nmaterials that are poi soned when exposed to
sul fur compounds. 22 WO 02/49128 PCT/ USO /51148 . )

43. The fuel processing system of claim 36, wherein the sulfur-

absorbent material includes chromium.

44.  The fuel processing system of claim 36, wherein the bed is
operated at a temperature in the range of 20° C and approximately 400° C.

45. The fuel processing system of claim 44, wherein the fuel
processing system includes a heating assembly adapted to heat the at least one sulfur-
absorbent bed to a temperature in the range of approximately 100°C and

approximately 400° C.
46. The fuel processing system of claim 36, wherein the sulfur-

removal assembly includes a plurality of sulfur-absorbent beds containing the sulfur-

absorbent material.
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39. The fuel processing systemof claim38, wherein the sulfur- absorbent
material is selected froma group of materials that are poi soned when
exposed tvwoOsukfied conpounds present in concentrations in parUS@nygessof 1-10
"ppm at tenperatures |ess than approxi mately 350" C. 40. The fuel
processing system of claim 36, wherein the sulfur- absorbent material

i ncl udes 10- 90% coppe7oxi dac fgl PfPﬁéSSﬂIXeWSEﬁﬂ@)@é§é41Wg4@y‘§h‘érﬁﬁnoﬁhecﬁuéﬁufn 40

wherein t hereiﬁlfé)\;a?'ésseﬁ'f% f&ﬁﬁ}; Q@Eﬁfe a%%erﬂﬂ\;ltﬁ ﬁﬁgﬁfssac%%te(aQ@ 1%&?\% 84l v%? tl}

The fuel processing sy emo e suI GF - 2bSor be

mat eri al f ustréen cbllitainmge&lebafhbnwohdﬁnng&ediﬂoek tael lepytone st hgs Hagtadinofof
cl ai m 36, Wnerelglyt he sul fur- absorbent material includes chromum 44. The

fuel procesdigliyaberpant bednsushdbat afneaserre phibesulur-absodsat badsflogs nat
L enper atur @ i dAnss i sttim CoRRMARRE ObARESINintiecdsioct>  The Tue

processi ng systemo aim 4 erern-t processi ng system i ncl udes
a heating assenbly adapted to heat the at | east one sul fur- absorbent bed

to a tenperature int range of pr oxi mat el 00’ an pr Qxi ely
4000 C 96, The fuel AoceddrAgeisyRremIS eI Al SBIm et R of His
removal ass@&@&ﬂab's&%'eﬂtd%dsac&ﬁt&hﬁgg e linsUtabeAPaRibaNthabede, 4;%1‘3{{ ahfni ng

t he sul fur- absorbent materi al VWO 02/ 49128 PCT/ USOL/ 51148 he fuel
processi ng shswesd ofifuc land dudiger wieseinithe filed psadefsimg sysammmaﬂu@s st dabtyone

i ncludes a val ve assenbly that.is ad ted.to sel r.t

11 eam cont SPRATPIG BB CBh PSR §uba eoERY b ok agapt Brbedtis | ess
than all of gpéfagnsul fur-absorbent beds such that at | east one of the
sulfur-absorgent eds does not receive a portion of the stream containing

t he carbon-containing feedstock. 48. The fuel processing systemof claim

36, wherein each of t IB,@ The fuel processing system of claim 36, wherein each of the

sulfur-absorbent beds containing the sulfur-absorbent material has a capacity of
absorbed sulfur, and further wherein the fuel processing system further includes a
controller that is adapted to determine when a threshold value corresponding to a
predetermined percentage of the capacity has been reached and to trigger a user-

notifying event responsive thereto.

50.  The fuel processing system of claim 49, wherein upon
determination that a bed is operating above the threshold value, the comtroller is

adapted to send a control signal to a user-notifying device.

51.  The fuel processing system of claim 49, wherein the controller
includes at least one sensor adapted to measure the percentage of each bed’s capacity

at which the beds are operating.

52.  The fuel processing system of claim 51, wherein each of the
sulfur-absorbent beds containing the sulfur-absorbent material includes a sensor in
communication with the controller and adapted to measure the percentage of the bed’s

capacity of absorbed sulfur at which the bed is operating.
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sul fur - absor bent beds containing the sul fur-absorbent material has a
capacity of absorbed sulfur and further wherein the fuel processing system
i ncl udes vao 02/¢838 one sensor adapted to neasure the percrar/age/xaf4st he
capacity at which each of the beds is operating. 49. The fuel processing
system of claim 36, wherein each of the sulfur-absorbent beds containing
the sul fur-absorbent A8t er ifar fadPrecessipasydign of claap <9 waaresuihe gontralier
further whetegj Sj f el rol | er
that is ada% elgh e% gq-ﬂée#%y# %@&?\Aﬁe‘hﬂghf%?eteagﬂa&#%ea (ﬂ% VE%F ﬁéejg%f)encﬁong&gjo&la
predet er m netk pifucabdodtgmt bédstdoatadrdpatictsyifiiasbsoent maerehled and to trigger a
user- notifying event responsive thereto. 50. The fuel processing system of
claim49, wherein upon determnation that a bed is operating above the

t hreshol d val ue, the ntr [ : j to a
user-notifying devi ce.%QBL Q{thﬁ?lﬁ?“gggg%%g?%’f?%ge% g@@ﬁﬁh&%ﬂg{,}@ﬁ lerein
t he contr ol limdudes acherdey mitidreaswhichet kessolovatd apd edigher tereshoidevilbeare
percent age of each bed' s capacit at whj ch the beds e operating..52. The
fuel proces$iH é’%’/ﬁ@?ﬁ%@%ﬁ&i‘ﬁ%ﬂb%@ icﬁn@%ﬁgg’fesﬂl r-alsgrtegt m bent
beds cont ai gh g HRn Shbd BieRRaMReML: SR @Fﬂh@'beﬂ@&érﬂélﬁﬁllg%é SNARLabESbent
comuni cation with the controller and adapted to neasure the percentage of

the bed's owypawityy aeraiipgoathedcapatifyuthat exshedsh theh&vime dthisshadevate,nthe 24 WO

02/ 49128 PCT/ USA /51148 53, The, f ugl i t f..cl ai,m.49, i
the control Ic%]il‘%ro “hdf qoEEe t%ﬁ‘?ﬂ 9u€r<§fr Eﬁr’lﬁ%ﬁlsy : iti%sﬁﬁ%%ggﬁnghg“%r%glrgl "

val ue is st @it fhergiaCtipdtf defchfindtbh ahatabsOLPaRE a6 cositias the Gulfie
sul fur-absorbent material. 54. The fuel processi ng system of “cl ai m 53,
g

wher ei n t he abssabang Imagarial imepaiefens & meapeeily ot exasady dedighen thyeshoddhgalue, | ower
and a hi gheg, t hr l. r tar .8 f the sulfur-absorbent
beds cont ai ﬁllen%nﬁﬁ@&ég F(}{%Irte-taztggglﬁ%ae n?cgﬁgg %%lpoaltlsfg% ggﬁgh%\}%sgr?gigt#ybn&o%e%me‘
determ nation that one of the beds containing the sul fur-absorbent
55.  The fuel processing system of claim 54, wherein the user-
notifying device is adapted to produce different responses responsive to receiving the

first and the second control signals.

56.  The fuel processing system of claim 36, wherein the separation
region includes at least one hydrogen-permeable membrane positioned to be contacted
by the stream containing hydrogen gas, and further wherein the hydrogen-rich stream
is formed from a portion of the stream containing hydrogen gas that permeates
through the membrane and the byproduct stream is formed from a portion of the

stream containing hydrogen gas that does not pass through the membrane.

57.  The fuel processing system of claim 56, wherein the at least

one membrane comprises at least one of palladium and a palladium alloy.
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material is operating at a capacity that exceeds the | ower threshold val ue,
the controller is adapted to send a first control signal to a

user - not iW@ozigpidevi ce, and farther wherein upon determ nRCT/OROWFIa48 one of
t he beds containing the sul fur- absorbent material is operating at a
capacity that exceeds the higher threshold value, the controller is
adapted to send a sec8fd cdmedetl Pseegasng sxstem ef glgn Showherpinge genaraion 55,
The fuel pr i j i - t.ifyi evi ce
s adapt o8 (a0t BRGSEY FRRILRY (1B tpcthEDR AekBhud S b I Rl
first and t lieatsschopuir efanémblansd @ofiaks a pbitnealdéhahnéllth@rebawssi figmsylsitie theof
claim 36, wherein the separation _region includes at |east one

hydr ogen- peWaREFTiRR SN E D58&Iceioned to be contacted by the stream
cont ai ni ng hydrogen gas, and farther wherein the hydrogen-rich stream is
formed froma portion of the stream containing hydrogen gas that perneates
t hrough the menbrane &8d t Haelfygrmdostingtsystam ofscibom 36d ffrthemcampnsihg an  of
the stream_cqntaining hydrogen, gas_that does t pass_ i hrough the
menbrane. 57Ul Stﬁ%gdﬁa?/%eeggqeh‘% & Jeashpfiop Pgﬁ}m%?%h@ﬁreg fi¥aAn]) east
one nmenbrang, 6RAREd SE3Ric L&ask trsrgf. pal | adium and a pal | adi um al I oy. 25
WO 02/ 49128 /US01/ 51148 58. The fuel processing systemof claimb57,
wherein the separation region includes a plurality of hydrogen-perneable
menbranes arranged in pairs such that each pair of nmenbranes defines a
per meat e channel therebetween from which the hydrogen-rich streamis
produced. 59. The fuel processing systemof claim36, further conprising a
fuel cell stack adapted to receive at |east a portion of the product
hydrogen stream and to produce an electric current therefrom 26 WO

02/ 49128 PCT/USO /51148 60. In a steamreformer that is adapted to receive

a feed stream conprising water and a carbon-contai ni ng feedstock and which
i ncl udes a reform ng
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region having at |east one reformng catalyst bed in which a stream

contai ning hydrogen gas is produced fromthe feed stream the inprovenent
conpri si mpo oz491281l f ur - renoval assenbly conprising at | easPCDUS01/51148

sul fur-absorbent bed containing a |ow tenperature shift catal yst upstream
fromthe reformng region and adapted to absorb sulfur-containing
compounds from at | ea$P- a pora plermoriopmer thabds sdansethipiscsivet d feedestiogar y t o

the reform @gmioﬁghg I§5&7a’cgr7and a carbon-containing feedstock and which includes a reforming
region having at least one reforming catalyst bed in which a streaﬁ containing
hydrogen gas is produced from the feed stream, the improvement comprising: a
sulfur-removal assembly comprising at least one sulfur-absorbent bed containing a
low temperature shift catalyst upstream from the reforming region and adapted to
absorb sulfur-containing compounds from at least a portion of the feed stream prior to

delivery to the reforming region.
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